On the basis of current knowledge of the development of the heart as well as on examination of necropsy specimens, the b clinical diagnosis of malpositions of the heart is considerably simplified if a logical and
from the ventral ventricle; correlating the position of this ventricle with the situs, we find out whether or not there is ventricular inversion. (5) Associated malformations are diagnosed by clinical as well as haemodynamic studies, completing finally the diagnosis in every case.
As stated in a previous paper (De la Cruẑ et al., 197I) , present knowledge enables us to establish an interrelation between the visceral , situs, truncoconal morphology, and the position of the chambers of the heart, which leads ,us to a sufficiently precise understanding of the malpositions, a logical classification, and a rational diagnosis. Out of 3000 cases of congenital heart disease studied at the Hospital Universitario of Caracas, we have selected 4I malpositions of the heart (I3%); of these, I9 were dextro-* cardias, 7 were laevoversions, and I2 were dextroversions; these cases were studied by f haemodynamic and angiocardiographic ex- aninations and I0 of them by necropsy.
On the basis of current knowledge of the development of the heart as well as on examination of necropsy specimens, the b clinical diagnosis of malpositions of the heart is considerably simplified if a logical and xo86 Anselmi, Munioz, Blanco, Machado, and de la Cruz for this reason, take them into account in our diagnosis, as they are variable factors which might lead to confusion. In practice, it is difficult to take into account the suprahepatic segment of the inferior vena cava in diagnosing the visceral situs, owing to the difficulty of visualizing this vessel except by angiographic examination, in which case it is sufficient to locate the greater lobe of the liver and the venous atrium.
There are three types of situs: a) Situs solitus, in which the greater lobe of the liver, the venous atrium, and the suprahepatic segment of the inferior vena cava are on the right. b) Situs inversus, in which the greater lobe of the liver, the venous atrium, and the suprahepatic segment of the inferior cava are on the left.
c) The indefinite situs, where the liver is centrally situated, has two lobes of equal size;
there is atrial isomerism and heterotaxia of the abdominal viscerae.2
The situs is easily diagnosed by palpation and percussion of the liver as well as by radiological examlination of the hepatic shadow. It must be kept in mind that newborn and premature infants have large livers, in a fairly central position, but in most cases it is possible to locate the greater lobe, especially by x-ray examination.
The position of the venous atrium is generally determined by the electrocardiogram. This shows the spatial axis of the P wave (SAP) directed towards the front, downwards, and to the left in situs solitus (Portillo et al., I959) , and towards the front, downwards, and to the right in situs inversus. The factor of error or doubt in some cases could be due to atrial ectopic rhythms, atrial fibrillation, or flutter. Nodal rhythm in situs solitus shows the frontal AP directed upwards and to the left (-60°) and upwards and to the right (+ I200) in situs inversus.
The passage of a catheter through the inferior vena cava would lead us to the venous atrium and would indicate its position; when the catheter is inserted through the saphenous vein, we are able to determine the position of the suprahepatic segment of the inferior vena cava. In some fairly frequent types of malposition, there are anomalies of systemic venous return, such as partial absence of the inferior vena cava, which make it difficult to determine the suprahepatic segment of this vessel; in such cases it is the venous angiogram that will indicate the position of 2 The indefinite situs and displacements of the heart due to extracardiac causes will not be discussed here. the venous atrium. In practice, the location of the greater lobe of the liver and of the venous atrium are easy to determine by physical examination, x-rays, and the electrocardiogram.
Diagnosis of direction of apex In a given situs, the position of the apex indicates the type of malposition. In situs solitus there are two possible positions (Fig. i) . (a) Apex on the left: normally situated heart. (b) Apex on the right: dextroversion.
FIG. i
The two possibilities in situs solitus: apex to the left, which corresponds to the normally situated heart and apex to the right, which corresponds to dextroversion. Electrocardiogram: note the P wave of low voltage but positive in lead I and the morphologies with deep Q waves in leads I and II. The voltage of the ventricular complexes decreases from Vi through V6. The qR morphologies corresponding to variations of potential of the dorsal ventricle are recorded from V3 to V6; rS morphologies corresponding to variations of potential of the ventral ventricle are recorded in the right praecordial leads (V2R to V5R), thus suggesting a normal ventricular position, concordant with the situs. X-rays show the shadow of the greater lobe of the liver on the right, the heart in the right hemithorax, and the apex directed towards the right. Both studies (electrocardiogram and x-rays) correspond to the case of an infant with dextroversion without associated defects. VA: venous atrium; AA: arterial atrium. V5 and V6, FIG. 2 The two possibilities in situs inversus; apex to the right which corresponds to dextrocardia. Electrocardiogram: the P wave is negative in lead I and positive in aVR. The AP is directed downward, forward, and to the right, which indicates the position of the sinuatrial Q node to the left (and hence of the venous atrium). The qR morphologies in V6R correspond to variations of potential of the dorsal ventricle; rS morphologies from Vi to V6 correspond to variations of potential of the ventral ventricle, thus suggesting a normal ventricular position, concordant with the situs. X-rays: the shadow of the liver is seen to the left, the heart is in the right hemithorax, with the apex directed towards the right. Both studies (electrocardiogram and x-rays) correspond to the case of an adult with dextrocardia without associated defects. Apex to the left which corresponds to laevoversion. Electrocardiogram: the negative P wave in lead I and still more negative in aVL than in aVR, with the AP directed downward, forward, and to the right indicates the position of the sinuatrial node to the left (and hence of the venous i atrium). The analysis of the ventricular morphologies does not allow determination of the ventricular position. X-rays: the shadow of the liver is seen to the left, the heart is in the left hemithorax and the apex is directed towards the left. These studies correspond to the case of a patient with laevoversion, single ventricle, and pulmonary stenosis. V6 and increases in the direction of the right praecordial leads V4R to V6R, owing to the proximity of the heart to the latter leads (Fig. i) .
In situs inversus, similarly, examination and palpation of the apex and percussion of an area of dullness on the right, lead us to suspect dextrocardia. X-rays show the direction of the apex and the cardiac shadow on the right. The electrocardiogram helps in diagnosing dextrocardia (Fig. 2) as, besides the signs mentioned in describing the situs inversus in general, there are characteristics which enable us to suspect that the heart is in the right hemithorax: the low voltage in the left praecordial leads and its increase in those on the right (V3R to V6R), owing to the proximity of the heart to these leads; mirror-images of the normal ventricular complexes and of the T wave in leads I and aVL, the complexes in these leads being predominantly negative. It is important to know the unipolar morphologies corresponding to variations of potential peculiar to the ventricles, both in normal and pathological conditions, in order to be able to arrive at a logical electrocardiographic interpretation and apply it to the diagnosis of malpositions (Sodi Pallares et al., '959).
In situs inversus, if the examination and palpation of the apical impulse and percussion of an area of dullness on the left, and the auscultation of cardiac sounds of greater intensity to the left of the sternum, indicate that the heart is situated to the left of the sternum, the diagnosis of laevoversion becomes evident. X-rays show the direction of the apex and the cardiac shadow situated on the left (Fig. 2) . In these cases, as well as the factors mentioned in connexion with the situs inversus, the cardiogram often shows a progressive increase in the voltage of the ventricular complexes towards the left praecordial leads and its lowering in those of the right hemithorax.
Diagnosis of truncoconal morphologies When the visceral situs and the direction of the apex have been diagnosed, we are able to determine the type of malposition of the heart we are dealing with, and can proceed to diagnose the truncoconal morphologies, the position of the ventricles, and associated malformations.
A biplane angiocardiogram is essential for investigating the last three variations and it enables us to complete the diagnosis. However, the x-rays and the electrocardiogram often lead us to suspect associated defects.
The position of the ventricles is deduced from the truncoconal morphology. It is, therefore, essential to determine in the first place the position and characteristics of the great arteries. There are three basic types of truncoconal morphologies in situs inversus, with or without ventricular inversion; they are: (a) without transposition of the great arteries (TGA); (b) The electrocardiogram (C) shows positive P waves in lead I and negative in aVR, suggesting that the atria are in the situs solitus position; the decrease in voltage from Vi to V6 suggests that the heart is in the right hemithorax: dextroversion. The qR complexes in Vs and V6 correspond to variations of potential of the dorsal ventricle, situated to the left.
The obvious deviation of the AQRS to the right suggests the possibility of enlargement of the ventricle which is situated to the right.
The angiocardiogram in the lateral projection shows that the aorta is anterior, and in the frontal projection (A) the same vessel is situated to the right; therefore the ventral ventricle is placed to the right, which is concordant with the situs. Further, there is evidence (B, D, E) of pulmonary stenosis (unequal partition) and both vessels emerge almost entirely from the ventral ventricle (dextroposition). This is a case of situs solitus with dextroversion without ventricular inversion, TGA, pulmonary stenosis, lateroposition, and ventricular septal defect. (A and B) show the shadow of the liver to the right, the heart in the right hemithorax with the apex directed toward the right: dextroversion. The pulmonary flow is decreased, which is suggestive of pulmonary stenosis. In B the vascular pedicle is seen widened and the aorta emerges apparently anteriorly, which suggests TGA. The angiocardiogram in D shows that the aorta is anterior, and in the frontal projection (C) the aorta emerges to the left, thus indicating that the ventral ventricle is situated to the left ventricular position which is abnormal for this situs. There is also evidence of pulmonary stenosis (unequal partition) in D. This is a case of situs solitus with dextroversion, ventricular inversion, TGA, pulmonary stenosis, and ventricular septal defect. there was ventricular inversion, which proves the high incidence of this abnormal ventricular position in dextroversion.
The three truncoconal morphologies described above can be seen in dextroversion with or without ventricular inversion, which raises to 6 the diagnostic possibilities (Fig. 3) .
There are certain facts that enable us to suspect the position of the ventricles in dextroversion: (i) the high incidence of ventricular inversion in dextroversion is a valuable statistical factor; (2) in some cases, in the absence of single ventricle (Anselmi et al., I968) , the electrocardiogram shows clearly discernible morphologies corresponding to ventricular variations of potential, which allow us to locate the position of the ventricles by studying the thoracic circle. Morphologies of qR, qRS in the left praecordium, and morphologies of the rS, Rs, rSr, rsR type in the right praecordial leads, indicate a normal position of the ventricles (Fig. 4) The lateral position in the angiocardiogram shows which of the vessels is anterior, and the frontal position shows from which side the vessel in question emerges (Fig. 4 and 5 ).
When the position of the anterior vessel is determined, the ventral ventricle will be immediately below the origin of this vessel; by correlating the position of the ventral ventricle in the frontal plane with the situs present in dextroversion (situs solitus), we will be able to determine whether there is concordance (without ventricular inversion) or not (with ventricular inversion), between the visceroatrial situs and the position of the ventricles.
Thus, when there is no TGA, the pulmonary artery is anterior, and this vessel emerges to the right of the mid-line and proceeds from right to left, backwards from the front and upwards from below, we know that the ventral ventricle is situated on the right and there is, therefore, no ventricular inversion. When the aorta is anterior it means that it is a case of TGA (Fig. 4) 7 Necropsy specimen of one of our cases of situs inversus. In A, the greater lobe of the liver can be seen to the left, the heart is in the right, and the apex is directed toward the right: dextrocardia. In B, a lateral view, the aorta is anterior and the pulmonary artery is narrow and posterior. The aorta emerges to the left (A) from the ventral ventricle which is situated to the left; this situation is normal, concordant for this ventricle in situs inversus; therefore there is not ventricular inversion.
In C, there is evidence of the normal relation of the arterial atrium with the dorsal ventricle and, in D, the relation of the venous atrium with the ventral ventricle. This is a case of situs inversus with dextrocardia, without ventricular inversion, with TGA and pulmonary stenosis (unequal partition at the expense of the pulmonary artery). A complete atrioventricular canal was an associated defect, as it can be seen in C and D. position characterized by situs inversus (greater lobe of the liver, the ventral atrium, and the o suprahepatic segment of the inferior vena cava on the left), the heart in the right hemithorax, and the apex directed towards the right. Dextrocardia is seldom associated with other malformations; IO out of our I8 cases (55%) showed no complications. Hanson and Tabakin (I96I) found that 90 per cent of dextrocardias were not accompanied by other defects. This high incidence of normal hearts in dextrocardia probably proves that dextrocardia is a 'normal position' of the heart in a situs inversus of which it is a part; Grant (I958) gives 5 per IooO for complicated * dextrocardias, which constitutes a similar incidence for congenital malformations of the heart for the population in general. Those complicating dextrocardias are usually sim-A ple and acyanotic; 56 per cent of our cases showed mild, acyanotic malformations; complex, severe, cyanotic ones are much less common.
Truncoconal morphologies occur in dextrot cardia in the three basic types seen above:
(a) without TGA, i.e. with vessels in a normal relation; (b) with TGA, i.e. the aorta in an anterior position emerging from the ventral ventricle and the pulmonary artery posterior to the aorta, both vessels being parallel; (c) with a common trunk, where a single vessel emerges from the heart. Any of the three types of morphology can be found in dextrocardia, but type (a) without TGA is the most common (78% of our cases); type (b) cases with TGA are less frequent (22%); the least common is type (c) with a common trunk. These statistical data differ from those given for dextroversion, where the most common > type is the one with TGA.
Certain facts obtained through routine cardiological examination enable us to suspect the type of truncoconal morphology: (i) statistical data of the frequency of the normal relation of vessels in dextrocardia; (ii) the absence of cyanosis allows us in most cases to suspect type (a) (Fig. I) (Rosenbaum, Pellegrina, and Treciokas, I962) . This is probably due to the fact that laevoversion in situs inversus indicates a very early change in development and is an abnormal position for the situs inversus.
Truncoconal morphologies are found in the three types described above; (a) without TGA, (b) with TGA, and (c) with a common trunk.
Any of the three morphologies is met in laevoversion; 3 of our cases were of type (a) without TGA, and 4 of Type (b) 
